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1. INTRODUCTION {#lio2401-sec-0006}
===============

Cystic fibrosis (CF) is an autosomal recessive disease caused by defective CF transmembrane conductance regulator (CFTR) protein. Mutations in the CFTR gene result in impaired chloride transport to the luminal surface of mucosal epithelium, aberrations in sodium and water resorption, and ultimately, viscous secretions in multiple organs. CF affects 30 000 Americans with nearly 1000 new cases diagnosed yearly. The thickened and tenacious mucus causes disease in the upper and lower airways, gastrointestinal tract, and genitourinary system.[^1^](#lio2401-bib-0001){ref-type="ref"}, [^2^](#lio2401-bib-0002){ref-type="ref"} Research focus and treatment development has been heavily centered on the lungs, as pulmonary disease is the main driver of mortality in CF.[^1^](#lio2401-bib-0001){ref-type="ref"} However, sinonasal disease is important in patients with CF, both as a source of symptomatic quality of life burden and as a reservoir for pulmonary disease.[^3^](#lio2401-bib-0003){ref-type="ref"}

2. METHODS {#lio2401-sec-0007}
==========

The PubMed database was utilized to review current published literature regarding CF chronic rhinosinusitis (CRS). The following search phrases were used: "cystic fibrosis chronic rhinosinusitis," "cystic fibrosis chronic rhinosinusitis medical," "cystic fibrosis chronic rhinosinusitis surgical," "cystic fibrosis ivacaftor," "cystic fibrosis lumacaftor," "cystic fibrosis tezacaftor," and "cystic fibrosis elexacaftor." This article aims to review current CF CRS medical and surgical therapies, and present evidence on new CFTR modulators.

2.1. Sinonasal manifestations of CF {#lio2401-sec-0008}
-----------------------------------

In the nasal cavity and paranasal sinuses, CF induces chronic disease due to compromise of mucociliary clearance (MCC). The viscous epithelial secretions and inspissated mucus can lead to CRS via impaired MCC, recurrent and/or persistent infection, intramucosal microabscesses, and TH1 mediated and neutrophil predominant inflammation.[^1^](#lio2401-bib-0001){ref-type="ref"} This is in contrast to the TH2 mediated inflammation of more common forms of nasal polyposis.[^1^](#lio2401-bib-0001){ref-type="ref"} Though less than 20% of CF patients self‐report CRS symptoms, 2/3 have polyposis and up to 100% of CF patients have radiographic or endoscopic evidence of sinonasal inflammation.[^1^](#lio2401-bib-0001){ref-type="ref"}, [^2^](#lio2401-bib-0002){ref-type="ref"}, [^4^](#lio2401-bib-0004){ref-type="ref"} Radiographic imaging of the paranasal sinuses in patients with CF tends to demonstrate bony demineralization, medialization of the lateral nasal wall, sinus opacification, paranasal sinus bone sclerosis, and sinus hypoplasia/under pneumatization (Figures [1](#lio2401-fig-0001){ref-type="fig"} and [2](#lio2401-fig-0002){ref-type="fig"}).[^4^](#lio2401-bib-0004){ref-type="ref"} Furthermore, among patients with CF, those with more severe genotypes have worse disease on sinus computed tomography (CT) scan and more often have sinus hypoplasia/aplasia compared to those with less severe genotypes.[^5^](#lio2401-bib-0005){ref-type="ref"} Adults with CF CRS have significantly worse Lund‐Kennedy (LK) scores compared to those without CF, but endoscopic findings are similar in CF patients regardless of the presence of CRS symptoms.[^6^](#lio2401-bib-0006){ref-type="ref"} The discordance of objective findings and symptoms creates difficulty in diagnosing and treating patients with CF CRS. However, a recent prospective study of 33 post‐endoscopic sinus surgery (ESS) patients with CF CRS and diverse lung function found that CRS exacerbation was associated with an odds ratio of 2.07 for having a pulmonary exacerbation recorded at the next visit.[^7^](#lio2401-bib-0007){ref-type="ref"} Given the common findings of significant objective disease on imaging and endoscopy, acute change in sinonasal symptomatology may alert the clinician to impending pulmonary exacerbation.

![Computed tomography (CT) scan CT findings of a patient with CF CRS. Note the poor pneumatization of the frontal, maxillary, and sphenoid sinuses, as well as the sclerotic/osteitic boney remodeling. CF, cystic fibrosis; CRS, chronic rhinosinusitis](LIO2-5-368-g001){#lio2401-fig-0001}

![Sagittal CT computed tomography (CT) scan findings of a patient with CF CRS. Note the poor pneumatization of the frontal, maxillary, and sphenoid sinuses, as well as the sclerotic/osteitic boney remodeling. CF, cystic fibrosis; CRS, chronic rhinosinusitis](LIO2-5-368-g002){#lio2401-fig-0002}

As understanding of the disease and subsequent therapies, including lung transplantation, continue to improve, the life expectancy of CF patients has increased. For people with CF born between 2012 and 2017, median projected survival age is 43.6 years, compared to 32.7 for those born from 2002 to 2007.[^2^](#lio2401-bib-0002){ref-type="ref"} As a direct result of this increased life span, more patients with CF are requiring long‐term management of their CRS and nasal polyposis.

2.2. Genetics {#lio2401-sec-0009}
-------------

Mutations in the CFTR gene cause abnormal transcription or translation and affect functional chloride transport at the cell membrane.[^8^](#lio2401-bib-0008){ref-type="ref"} Nearly 2000 genetic variants have been identified, with the most common mutation being F508del.[^8^](#lio2401-bib-0008){ref-type="ref"} Eighty‐six percent of patients with CF carry at least one copy of this mutation, and no other allelic variant is found in more than 5% of patients.[^2^](#lio2401-bib-0002){ref-type="ref"}, [^8^](#lio2401-bib-0008){ref-type="ref"} Mutations are grouped into one of five classes, based on the type of defect caused: synthetic, trafficking, channel gating, channel conductance, and transcription levels.[^9^](#lio2401-bib-0009){ref-type="ref"} Classes I to III are considered minimal function CFTR mutations and cause more severe phenotypes, while those in IV to V have residual function in CFTR and cause less severe phenotypes.[^9^](#lio2401-bib-0009){ref-type="ref"} The definitions of minimal and residual function have been based on the disease severity generally associated with these genotypes, as well as their responsiveness to CFTR modulating therapies.[^10^](#lio2401-bib-0010){ref-type="ref"}, [^11^](#lio2401-bib-0011){ref-type="ref"} Patients with residual function CFTR exhibit the typical spectrum of CF disease, yet disease that progresses much more slowly than those with minimal function CFTR.[^10^](#lio2401-bib-0010){ref-type="ref"}, [^11^](#lio2401-bib-0011){ref-type="ref"} Though this classification system provides a framework for understanding loss of function of CFTR based on the mutation, it has become clear that individual CFTR mutations alone do not completely predict the disease phenotype.[^8^](#lio2401-bib-0008){ref-type="ref"} For example, F508del leads to misfolding and degradation of the protein product, aberrant chloride channel function, and reduced quantity of protein translated.[^8^](#lio2401-bib-0008){ref-type="ref"} It has also been found that variants of other genes, distinct from CFTR, can modify CF phenotype and influence onset of CF‐related sequelae.[^8^](#lio2401-bib-0008){ref-type="ref"} Though all of this information highlights the complexity of the disease, it also has allowed for a paradigm shift in treatment---from treating the sequelae of CF to correcting and potentiating the genetic cause of disease.

2.3. CFTR heterozygotes {#lio2401-sec-0010}
-----------------------

Heterozygosity of CFTR alleles does not cause the full spectrum of CF disease if there is one normal CFTR allele, but one CFTR mutation can lead to CF‐like disease in at least one of the classically affected organ systems.[^12^](#lio2401-bib-0012){ref-type="ref"} Interestingly, it is not only the loss of a copy of wild‐type CFTR that is problematic for carriers of CFTR mutations. F508del, the most common CFTR mutant, has a dominant negative effect that impairs processing of the wild‐type protein and limits its expression and function.[^12^](#lio2401-bib-0012){ref-type="ref"} Compared to the general population, CFTR carriers more commonly report CRS symptoms (36% vs 14%, *P* \< .05) and were found more commonly in a population of patients with CRS (7% vs 2%, *P* \< .04).[^13^](#lio2401-bib-0013){ref-type="ref"}, [^14^](#lio2401-bib-0014){ref-type="ref"} Though patients with a single CFTR mutation are five times more likely to have CRS, most have normal sweat chloride levels (SCLs) and nasal potential difference (NPD) similar to patients without CF.[^13^](#lio2401-bib-0013){ref-type="ref"} Normal values on routine testing and the absence of the classic constellation of CF symptoms may limit recognition of these patients. Suspicion of a CRS patient harboring a CFTR mutation should be increased if the patient has: juvenile nasal polyposis, purulent chronic pansinusitis, chronic superinfection of nasal polyposis, hypoplastic frontal and maxillary sinuses, chronic pulmonary symptoms, or infertility.[^15^](#lio2401-bib-0015){ref-type="ref"}, [^16^](#lio2401-bib-0016){ref-type="ref"} As new CF therapies arise, identification of CFTR heterozygotes may allow for better management of this subset of patients with CRS.

2.4. Medical therapies {#lio2401-sec-0011}
----------------------

For 75 years, treatment for CF has centered around targeting end‐organ manifestations.[^9^](#lio2401-bib-0009){ref-type="ref"} In CF CRS, this is no different, as the mainstay of medical treatment includes nasal saline rinses with steroids and/or antibiotics.[^1^](#lio2401-bib-0001){ref-type="ref"}, [^4^](#lio2401-bib-0004){ref-type="ref"} Though nasal rinses with normal (0.9%) saline alone have no clear evidence for benefit in CF, they are used to topically deliver beneficial steroids and antibiotics.[^4^](#lio2401-bib-0004){ref-type="ref"} Topical steroids improve polyposis and sinonasal endoscopic appearance in patients with CF CRS, but studies on their effect on symptoms have mixed results.[^4^](#lio2401-bib-0004){ref-type="ref"} Though their symptomatic effect is unclear, topical steroids can be used safely with minimal systemic effects.[^8^](#lio2401-bib-0008){ref-type="ref"} Topical and oral antibiotics are often used during pulmonary exacerbations but have also been investigated for daily use. Topical colistin and tobramycin have been shown to reduce bacterial load, and tobramycin decreased rate of reoperation 1 year postoperatively.[^17^](#lio2401-bib-0017){ref-type="ref"}, [^18^](#lio2401-bib-0018){ref-type="ref"} In a study of nine patients, six patients used aerosolized tobramycin and experienced improved SNOT‐20 scores compared to 0.9% saline.[^17^](#lio2401-bib-0017){ref-type="ref"} Two larger trials are currently examining the daily use of antibiotics. Oral aztreonam alone is being compared to oral and nasally inhaled aztreonam, with SNOT‐20 scores as a secondary outcome being investigated in 30 patients.[^19^](#lio2401-bib-0019){ref-type="ref"} Nebulized, nasally inhaled tobramycin vs nebulized 0.9% saline is being examined with secondary outcomes including SNOT‐20 score and several other sinus specific symptoms in 86 patients.[^20^](#lio2401-bib-0020){ref-type="ref"} Topical dornase alfa (DA), a recombinant DNase, improves CRS symptoms and lung function by cleaving extracellular neutrophil DNA.[^21^](#lio2401-bib-0021){ref-type="ref"} It has been shown to improve sinonasal symptoms (compared to saline rinses), post‐ESS outcomes, lung function, and prevent pulmonary exacerbations.[^1^](#lio2401-bib-0001){ref-type="ref"}, [^3^](#lio2401-bib-0003){ref-type="ref"}, [^4^](#lio2401-bib-0004){ref-type="ref"}, [^21^](#lio2401-bib-0021){ref-type="ref"} The main drawback to widespread utilization of both daily topical antibiotics and DA in CF CRS is the cost, with approximate yearly cost of \$13 972 to \$27 944 for DA and \$12 315 to \$26 366 for colistin, aztreonam, and tobramycin.[^22^](#lio2401-bib-0022){ref-type="ref"}

CFTR modulators work at the molecular level to increase transmission of CFTR to the epithelial cell membrane (corrector) or improve function of CFTR (potentiator). Functionally, they augment the defect caused by CFTR mutations. In the context of the currently available modulators, CFTR mutations can be thought of as those that cause misprocessing and prevent trafficking (minimal function) and those that lower activity of CFTR at the epithelial surface (residual function).[^23^](#lio2401-bib-0023){ref-type="ref"}

The first modulator shown to be effective was ivacaftor (Vertex Pharmaceuticals). It functions as a "potentiator" by increasing the time that activated CFTR channels at the cell surface remain open, and was first proven to benefit patients with the second most common CFTR mutation, G551D (representing 5% of patients).[^4^](#lio2401-bib-0004){ref-type="ref"}, [^23^](#lio2401-bib-0023){ref-type="ref"} G551D is a class III mutation that allows for transport of CFTR to the epithelial membrane, but causes CFTR gating dysfunction and thus is a residual function mutation.[^10^](#lio2401-bib-0010){ref-type="ref"}, [^23^](#lio2401-bib-0023){ref-type="ref"} When initially studied in patients 12 years and older, ivacaftor showed improvements in FEV1, improved pulmonary symptoms, decreased pulmonary exacerbations, decreased SCL, and improved weight gain.[^23^](#lio2401-bib-0023){ref-type="ref"} This was followed up with a study in patients aged 6 to 11 that showed improvement in FEV1, SCL, and weight gain.[^24^](#lio2401-bib-0024){ref-type="ref"} Despite a pretreatment mean FEV1 of 84.7% in these young patients, treatment with ivacaftor led to a 12.6% mean increase in FEV1, indicating benefit of intervention in patients with minimal loss of pulmonary function.[^24^](#lio2401-bib-0024){ref-type="ref"}

In addition to pulmonary outcomes, ivacaftor is the only modulator with published data regarding rhinologic outcomes. In 2014 and 2015, three case reports of one patient each and a case series of 12 patients\' response to ivacaftor were published. The case series patients all had at least one copy of G551D, and the case reports covered three different mutations---F508del/G551D, G551D/P205S (P205S is type I, mild phenotype mutation), and F508del/S1215N (S1215N is a type III mutation).[^25^](#lio2401-bib-0025){ref-type="ref"}, [^26^](#lio2401-bib-0026){ref-type="ref"}, [^27^](#lio2401-bib-0027){ref-type="ref"}, [^28^](#lio2401-bib-0028){ref-type="ref"}, [^29^](#lio2401-bib-0029){ref-type="ref"} All three individual case reports detailed improvement or resolution of sinus symptoms, improvement of sinus CT, and increased FEV1, while the case series of 12 reported only improved CT appearance.[^25^](#lio2401-bib-0025){ref-type="ref"}, [^26^](#lio2401-bib-0026){ref-type="ref"}, [^27^](#lio2401-bib-0027){ref-type="ref"}, [^28^](#lio2401-bib-0028){ref-type="ref"}

A prospective study by McCormick et al showed improvements in the subcategories of rhinology (rhinorrhea, postnasal drip, thick nasal discharge), sleep function (difficulty falling asleep, waking up at night, and lack of a good night\'s sleep), and psychological function (fatigue, reduced concentration, sadness) on SNOT‐20 scores for CF patients initiating ivacaftor.[^30^](#lio2401-bib-0030){ref-type="ref"} While statistically significant, the improvements did not meet the minimal clinically important difference, which was attributed to the low self‐reporting of symptoms in CF CRS patients.[^30^](#lio2401-bib-0030){ref-type="ref"} Recently, Cho et al published two studies showing benefits of ivacaftor in vitro. The first found synergistic effects of resveratrol (a potentiator) and ivacaftor on chloride transport in G551D human sinonasal epithelium.[^31^](#lio2401-bib-0031){ref-type="ref"} The second reported reduction of Pseudomonas biofilms utilizing a ciprofloxacin‐ivacaftor coated biodegradable nasal stent.[^32^](#lio2401-bib-0032){ref-type="ref"} The authors of this study plan to next conduct a study of the coated stents to assess effect on biofilms in vivo.[^32^](#lio2401-bib-0032){ref-type="ref"}

Another class of CFTR modulator, lumacaftor (a "corrector"), was found to correct misprocessing of F508del CFTR and increase trafficking of the protein to the cell surface.[^33^](#lio2401-bib-0033){ref-type="ref"} In patients homozygous for F508del, lumacaftor‐ivacaftor improved FEV1, decreased pulmonary exacerbations, improved BMI, and improved quality of life on the Cystic Fibrosis Questionnaire‐Revised (CFQ‐R).[^33^](#lio2401-bib-0033){ref-type="ref"} Though sinus outcomes were not explicitly analyzed, examination of the supplementary appendix revealed significantly less nasal congestion in the treatment arm of the TRAFFIC trial (one of the two randomized control trials in the study).[^33^](#lio2401-bib-0033){ref-type="ref"} This decrease in nasal congestion was not found in the other trial, TRANSPORT, so further study of this modulator combination therapy on sinonasal outcomes is warranted. Lumacaftor‐ivacaftor has also been shown to improve NPD in patients homozygous for F508del, but none of the studies examined or reported sinonasal outcomes.[^34^](#lio2401-bib-0034){ref-type="ref"}, [^35^](#lio2401-bib-0035){ref-type="ref"}, [^36^](#lio2401-bib-0036){ref-type="ref"}

For patients heterozygous for F508del and a residual function allele, tezacaftor (a corrector) plus ivacaftor was found to improve FEV1 and CFQ‐R when compared to placebo and ivacaftor alone.[^10^](#lio2401-bib-0010){ref-type="ref"} In this trial, nasal congestion was not significantly different between placebo and treatment groups.[^10^](#lio2401-bib-0010){ref-type="ref"} Searching for studies examining rhinologic outcomes of tezacaftor‐ivacaftor within the PubMed database yielded no results.

Recently, a major breakthrough in CFTR modulator therapy was made by adding the next generation corrector elexacaftor (Vertex Pharmaceuticals) to tezacaftor‐ivacaftor.[^11^](#lio2401-bib-0011){ref-type="ref"} Elexacaftor‐tezacaftor‐ivacaftor displayed significant improvement in FEV1, CFQ‐R, decreased pulmonary exacerbations, and normalized SCLs in patients heterozygous for F508del and a minimal function allele.[^11^](#lio2401-bib-0011){ref-type="ref"} To this point, ivacaftor for patients with G551D has set the benchmark for CFTR modulator therapy, with an increase of 10.6% in FEV1.[^11^](#lio2401-bib-0011){ref-type="ref"} Elexacaftor‐tezacaftor‐ivacaftor improved upon this standard, by showing a 13.8% increase in FEV1.[^11^](#lio2401-bib-0011){ref-type="ref"} By improving these measures in patients with F508del/minimal function alleles, elexacaftor‐tezacaftor‐ivacaftor showed that it could modulate disease for patients with F508del, regardless of their second allele.[^11^](#lio2401-bib-0011){ref-type="ref"} This new medication has raised the bar for CFTR modulator therapy efficacy (with regard to FEV1 improvement) and extends CFTR modulator therapy to nearly 90% of people with CF.[^11^](#lio2401-bib-0011){ref-type="ref"} In this study and its supplemental appendix, the only reported outcome related to the sinonasal cavity was a nonsignificant difference between therapy and placebo in "nasopharyngitis."[^11^](#lio2401-bib-0011){ref-type="ref"} A currently ongoing clinical trial aims to examine the effect of the new medication on sinus disease in 70 patients with CF.[^37^](#lio2401-bib-0037){ref-type="ref"} With such strong early data, further research into this therapy is needed, and its effects on all aspects of CF disease should be explored. One area of potential high impact is the lung transplant CF patient. With such great FEV1 improvement, triple therapy could potentially improve postlung transplant outcomes, survival, or even change the trajectory of patients who previously would have received lung transplant.

Sinonasal outcomes have only been directly studied for ivacaftor.[^25^](#lio2401-bib-0025){ref-type="ref"}, [^26^](#lio2401-bib-0026){ref-type="ref"}, [^27^](#lio2401-bib-0027){ref-type="ref"}, [^28^](#lio2401-bib-0028){ref-type="ref"}, [^30^](#lio2401-bib-0030){ref-type="ref"} Given the efficacy of CFTR modulators on pulmonary disease, increasing lifespan, and prevalence of sinus disease in patients with CF, further investigation of CFTR modulators and other therapies effects on sinus outcomes is warranted. However, one potential barrier to the study and use of CFTR modulators is cost. All of the aforementioned therapies cost roughly \$300 000 per year.[^22^](#lio2401-bib-0022){ref-type="ref"}, [^38^](#lio2401-bib-0038){ref-type="ref"}

2.5. Surgical therapy {#lio2401-sec-0012}
---------------------

Sinus surgery for patients with CF has been established to be a safe procedure for both children and adults, and pediatric facial growth is not affected by sinus surgery.[^39^](#lio2401-bib-0039){ref-type="ref"}, [^40^](#lio2401-bib-0040){ref-type="ref"}, [^41^](#lio2401-bib-0041){ref-type="ref"}, [^42^](#lio2401-bib-0042){ref-type="ref"} Patients may undergo multiple sinus procedures and have altered anatomy, but the coupling of CT scan with intraoperative navigation has been important advancement in the surgical management of these patients.[^4^](#lio2401-bib-0004){ref-type="ref"}, [^43^](#lio2401-bib-0043){ref-type="ref"} There is currently no clear consensus on indications for ESS in patients with CF CRS, although 20% to 60% undergo ESS.[^1^](#lio2401-bib-0001){ref-type="ref"} Two recent studies examined patient characteristics predictive of ESS. Brook et al found that patients with severe CFTR mutations and previous ESS were more likely to undergo ESS compared to those with mild CFTR mutations and no history of ESS.[^44^](#lio2401-bib-0044){ref-type="ref"} Ayoub et al found early ESS (vs ESS later or medical therapy) was predicted by Lund Mackay CT score, SNOT‐22, previous ESS, nasal polyposis, and lower FEV1 at presentation.[^45^](#lio2401-bib-0045){ref-type="ref"} With their findings, they offer a SNOT‐22 score of \>39 and an FEV1 of \<68.7% at presentation to predict the need for ESS at any time point.[^45^](#lio2401-bib-0045){ref-type="ref"}

Surgical technique for ESS in patients with CF CRS is also without clear evidence of a best practice, though some sinus specific protocols have been published. For the maxillary sinus, several variations of a wide maxillary antrostomy have been promoted as safe and with improved mucus clearance.[^46^](#lio2401-bib-0046){ref-type="ref"} Recently, modified endoscopic medial maxillectomy has been recommended with significant improvements in symptom score, endoscopic appearance, and decreased pulmonary exacerbations.[^46^](#lio2401-bib-0046){ref-type="ref"} Though FEV1 was unchanged, the authors state that the procedure also allows for better access to the maxillary sinus, including in‐office debridement, improved clearance of mucus with rinses, and increased penetrance of topical therapies.[^46^](#lio2401-bib-0046){ref-type="ref"} Utilizing endoscopic maxillary mega‐antrostomy, 74% of patients reported complete resolution of symptoms while 26% reported partial symptomatic improvement.[^47^](#lio2401-bib-0047){ref-type="ref"}, [^48^](#lio2401-bib-0048){ref-type="ref"} Patients with CF made up nearly 25% of this cohort, and this has become the authors\' standard protocol for management of the maxillary sinus in patients with CF CRS.[^47^](#lio2401-bib-0047){ref-type="ref"}, [^48^](#lio2401-bib-0048){ref-type="ref"} Regardless of technique, poor pneumatization of the maxillary sinus and under‐mineralized/hypoplastic uncinate processes in patients with CF are important surgical considerations when addressing the maxillary sinus.[^4^](#lio2401-bib-0004){ref-type="ref"}

Evidence on specific surgical technique for the ethmoid, sphenoid, and frontal sinuses is lacking. Anatomically, concha bullosa and Haller cells were less common in patients with CF, while Onodi cells were more common.[^49^](#lio2401-bib-0049){ref-type="ref"} In children, a low ethmoid roof compared to patients without CF was noted, though this was not true for adults.[^49^](#lio2401-bib-0049){ref-type="ref"} Regarding the frontal sinus, two patients with CF CRS and persistent symptoms after multiple ESS had good symptomatic improvement after modified endoscopic Lothrop (Draf III) frontal sinus surgery.[^50^](#lio2401-bib-0050){ref-type="ref"} Overall, very little data are available on surgical approaches for CF CRS.

In three systematic reviews of ESS for CF CRS, adults and children consistently experienced symptomatic benefit, but no clear improvement in FEV1 was demonstrated.[^40^](#lio2401-bib-0040){ref-type="ref"}, [^51^](#lio2401-bib-0051){ref-type="ref"}, [^52^](#lio2401-bib-0052){ref-type="ref"} Data on endoscopy score, CT appearance, hospitalization, and antibiotic use were mixed.[^40^](#lio2401-bib-0040){ref-type="ref"}, [^51^](#lio2401-bib-0051){ref-type="ref"}, [^52^](#lio2401-bib-0052){ref-type="ref"} Necessity of ESS prior to or after lung transplant (LuTx) is a subject of debate. There is growing evidence to support the sinonasal cavity and the lungs as a unified airway with translocation of bacteria from the sinuses as a source of colonization or infection of the lungs.[^53^](#lio2401-bib-0053){ref-type="ref"}, [^54^](#lio2401-bib-0054){ref-type="ref"}, [^55^](#lio2401-bib-0055){ref-type="ref"}, [^56^](#lio2401-bib-0056){ref-type="ref"} Regarding ESS prior to LuTX, one paper reported 87% of patients\' lungs were recolonized (mean 19 days after ESS) with *Pseudomonas aeruginosa* post‐transplant and no survival benefit when compared to centers where patients did not undergo ESS before transplantation.[^57^](#lio2401-bib-0057){ref-type="ref"} There was no standardized surgical procedure in this cohort and postsurgical sinus care was unclear.[^57^](#lio2401-bib-0057){ref-type="ref"} Four papers reported outcomes of ESS shortly after LuTX, three of which came from University of Zurich and followed essentially the same protocol. This initially consisted of maxillary antrostomy, ethmoidectomy, sphenoidotomy, and Draf I frontal sinusotomy (with daily postoperative isotonic saline rinses) after recovery from LuTX and 2 weeks of culture‐directed antibiotic therapy.[^58^](#lio2401-bib-0058){ref-type="ref"} Later, the authors generally describe more aggressive surgery to remove all septations in sinuses, including removal of the floor of the sphenoid sinus and the middle turbinate.[^59^](#lio2401-bib-0059){ref-type="ref"} The authors advocate that this allows for better drainage of the sinuses and improved penetrance of nasal rinses, with no adverse effects.[^59^](#lio2401-bib-0059){ref-type="ref"} After ESS, these three studies reported a correlation between negative sinus culture and negative lung culture, though there was a 59% to 68% rate of persistent nasal colonization.[^58^](#lio2401-bib-0058){ref-type="ref"}, [^59^](#lio2401-bib-0059){ref-type="ref"}, [^60^](#lio2401-bib-0060){ref-type="ref"} The earliest paper from this group reported rates of bronchiolitis obliterans syndrome (BOS) comparable to patients without CF who undergo LuTx and lower rates of tracheobronchitis and pneumonia in cases of successful sinus surgery (defined by obtaining three or less sinus aspirates with bacterial counts greater than 10^4^).[^58^](#lio2401-bib-0058){ref-type="ref"} Their 2013 paper reported that patients with negative bronchoalveolar lavage and nasal aspirates had improved survival at 5 years after LuTx (86% vs 57%) with fewer patients having BOS stages 1 and 2 (as defined by FEV1 66%‐80% and 51%‐65% of baseline, respectively).[^60^](#lio2401-bib-0060){ref-type="ref"}, [^61^](#lio2401-bib-0061){ref-type="ref"} Overall, these studies indicate that ESS after LuTx may have some benefit, especially to patients in whom bacterial eradication can be achieved.

A 2019 paper evaluated nine patients who underwent various forms of ESS (with daily postoperative saline rinses) after LuTx and 1 week of preoperative IV antibiotics.[^62^](#lio2401-bib-0062){ref-type="ref"} Compared to 14 patients who had LuTx without ESS, those who had ESS had improved nasal obstruction, rhinorrhea, SNOT‐22 score, and LK score.[^62^](#lio2401-bib-0062){ref-type="ref"} Another 2019 paper investigated 20 patients who underwent 36 ESS at least a year after LuTx.[^63^](#lio2401-bib-0063){ref-type="ref"} In that cohort, antibiotic use was decreased in the 6 months after ESS compared to 6 months preoperatively, but no difference was found in length of hospitalizations or FEV1.[^63^](#lio2401-bib-0063){ref-type="ref"} Similarly, a 2020 paper evaluated complete ESS (bilateral maxillary antrostomy of any size, bilateral total ethmoidectomy, bilateral sphenoidotomy, and bilateral Draf IIa or IIb frontal sinusotomy) vs limited ESS (any procedure less than above) in patients with CF CRS. In their retrospective review, they found that use of oral antibiotics was reduced in the complete ESS group, but found no difference in IV antibiotic use, hospital admission frequency or length, or rate of change in FEV1.[^64^](#lio2401-bib-0064){ref-type="ref"}

3. CONCLUSION {#lio2401-sec-0013}
=============

The lifespan of patients with CF has greatly increased over the past 20 years due to improvement in treatment of end‐organ disease. Management of CF CRS, however, remains challenging. At this time, there are no consensus guidelines regarding treatment of CF CRS. However, the CF Foundation is currently developing guidelines for Otorhinolaryngology care, which will be an excellent resource to standardize the care of patients with CF CRS.

Currently, common medical therapies for CF CRS include saline rinses, topical steroids, DA, topical antibiotics during exacerbation, and CFTR modulators in appropriate patients. Beginning in 2012, targeted therapies such as ivacaftor (a potentiator) sparked a new wave of treatment for CF, directly modulating the dysfunctional protein that defines the disease. Correctors (increase trafficking to cell membrane) have been added since then, now with a triple combination therapy expansion that can be applied to treat nearly 90% of CF patients. There is no definitive agreement on surgical indications or technique, though aggressive surgery in recalcitrant disease has shown some symptomatic benefit. ESS after lung transplant appears to benefit patients in whom sinus bacteria are eradicated by decreasing pulmonary infections, decreasing rates of BOS, and improving 5 year survival. As treatment for CF expands and patients with CF live longer, further investigation is required to examine the effects of these medications on sinus disease. As CFTR modulators are increasingly utilized, the treatment paradigm of CF CRS may change. However, the otolaryngologist will remain critical to the multidisciplinary care team by providing longitudinal care for the rhinologic, otologic, and upper airway needs of patients with CF.
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